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MTHE42 - Fluld Mechanics (Quiz 2)

Question # 4 of 10 ( Start time: 04:14:25 PM, 12 February 2022 )

Which of the following i= Momenium fow rafe ocross an nlet or outie>

select the correct option

I;'I lil'ﬂlg
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O
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 10f 10 ( Start time: 09:32:46 AM, 12 February 2022 )

The radial flow devices are best analyzed with

Select the correct option

O

linear momentum eguation

angular momentum eguation

(O 4
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 2 of 10 ( Start time: 09:33:07 AM, 12 February 2022 )

Which of the following is the more general form of Newton's second law?

Select the correct option

S F=dfdt [ pVdV
O, v

S F =dfdt[ Vv

S.F =d/dt [, mVdV

S F=[,pVdV

O
O
O
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MTH6E42 - Fluid Mechanics (Quiz 2) Quiz Start Time:

Question # 5 of 10 ( Start time: 09:34:17 AM, 12 February 2022 )

The linear momentum equation s obtained from Reynolds transport theorem by setting & = and B =

Select the correct option ‘

b=mVand B=V

O

b=Vand B=pV

O
® b=Vand B=mV \/
o

b=mVand B=mV
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 6 of 10 ( Start time: 09:34:48 AM, 12 February 2022 )

Which of the following is expression for rotational kinetic energy?

Select the correct option

1/2mr*w?

v
Q 1/2mrw?
O 1/2mriw
O 1/2pr*w?




MTH642 - Fluid Mechanics (Quiz 2)

Question # B of 10 ( Start time: 09:35:29 AM, 12 February 2022 )

Total torque (M) is equal to _ , where a is angular acceleration and I is moment of inertia.

Select the correct option

Ia?

O

O
@In: /
O
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 2 of 10 ( Start time: 09:39:51 AM, 12 February 2022 )

The dimension of the Bernoulli constant is

Select the correct option

mL%t2
O
mL*t2
O
mL~1t71
O
mIL 172
O, /
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 10 of 10 ( Start time: 09:35:59 AM, 12 February 2022 )

Which of the following is expression for moment of a force?

Select the correct option

x F

<

O

|
X
=

3
5
T

()
@ ’
O
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 3 of 10 ( Start time: 09:40:09 AM, 12 February 2022)

Meter is the unit for the dimension of

Select the correct option

time

O

amount of light

length

mass

O
O, "
O
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 4 of 10 ( Start time: 09:40:31 AM, 12 February 2022 )

Which of the following is dimension of force?

Select the correct option

mili

O

mLt

mIt!

mL /[t

O
O
@
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 5 of 10 ( Start time: 09:40:44 AM, 12 February 2022 )

Which of the following is dimensionless quantity?

Select the correct option

Angle \/
force
O
energy
O
pressure
O




MTHE42 - Fluid Mechanics (Quiz 2) Quiz Start Time:

Question # 6 of 10 ( Start time: 09:41:11 AM, 12 February 2022 )

Which of the relationship between linear acceleration in tangential direction |:1‘.I,I:| and angular acceleration I[f::]l?'

Select the correct option !
a; = we
dy = Wwre

O

a = a/r

O

m
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 7 of 10 ( Start time: 09:41:32 AM, 12 February 2022 )

Which of the following has dimension equal to energy?

Select the correct option

pressure
O
force
O
power
O
Work done
O, V4
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 8 of 10 ( Start time: 09:41:48 AM, 12 February 2022 )

___isthe dimension that is measured in candela (cd).

Select the correct option

Amount of matter

Amount of light J

@

Electric current

O

Length

O
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MTHE42 - Fluid Mechanics (Quiz 2)

Question # 10 of 10 ( Start time: 09:44:34 AM, 12 February 2022)

Which of the following is expression for moment of momentum?

Select the correct option

7 x pmV

®
\

O

O
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 3 of 10 ( Start time: 09:57:58 AM, 12 February 2022 )

The dimension of acceleration is

Select the correct option

mLt™

mt2
O

Lt
O

Lt72 J
@
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 10f 10 ( Start time: 09:57:00 AM, 12 February 2022 )

r x mV represents _

S i  — ——

Select the correct option

moment flow rate

O

linear momentum flow rate

moment flux

angular momentum flow rate ./

Scanne d with CamScanner



MTH642 - Fluid Mechanics (Quiz 2)

Question # 4 of 10 ( Start time: 09:58:21 AM, 12 February 2022 )

Mass flow rate across an infet or outlet. T =

i i ‘e ——

Select the correct option

Vn':nrgAc

O

ml’;ﬂg‘Ac

MPVeaug A

O
O
@ PVavgAc /




MTH642 - Fluid Mechanics (Quiz 2)

Question # 5 of 10 ( Start time: 09:58:38 AM, 12 February 2022 )

—_—— — ———

Kilogram is the unit used to measure the dimension of

Select the correct option

time

O

Mmass J

amount of light

amount of matter

®
O
O




L - % ]
MTHE42 = Fluid Mechanics (qQuiz 2) Quiz Start Time: 09:57 AM, 12 February 2022

Question # 6 of 10 { Start time: 09:58:48 AM, 12 February 2022 ) Total Marks: |

The magnitudes of torgue M octing an a point moss mm at nonmal distance - from the axis of rotation is equal to where o 13 angular

Occelerohon

select the correct option :
ﬂ Rseload Math Eqguations

mrce

2
mr- l.'.l2

mMrie

O
O
@ o J
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 10 of 10 ( Start time: 10:00:02 AM, 12 February 2022 )

mL?t~2 is dimension of _

Select the correct option

energy

@

force

moment

linecir momentum

O
O
O




MTH642 - Fluid Mechanics (Quiz 2)

Question # 2 of 10 ( Start time: 10:04:10 AM, 12 February 2022 )

Which of the following dimension is measured in unit ampere?

Select the correct option

Amount of matter

O

Electric current

v

Amount of light

Time

O
O
O
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 9 of 10 ( Start time: 10:06:06 AM, 12 February 2022 )

pV dV is called

Select the correct option

moment

momentum flow rate

O

momentum

®

“

torque

O




MTH642 - Fluid Mechanics (Quiz 2)

Question # 2 of 10 ( Start time: 10:20:30 AM, 12 February 2022 )

Mole is the unit used to measure the dimension of

Select the correct option

amount of matter

amount of light

O

electric current

O

MAaAss

O




MTHE42 = Fluid Mechanics (quiz 2)

I ==c =

Quiz Start Time: 10:38 AM, 12 February 2022

Question # 3 of 10 ( stort time: 10:38:40 AM, 12 February 2022 )

Total Marks: |

All nonprirmarny dimensions con ba formed by some combination of the _ — primaory dimmensions.
select the correct option :
ﬂ Relcod kath Equaaitions
Ely

O

EEWEN

eight

O
O
O

rire
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MTH®642 - Fluid Mechanics (Quiz 2)

Question # 9 of 10 ( Start time: 10:40:22 AM, 12 February 2022 )

mL2t—1 is dimension of _

Select the correct option

linear momentum

O

moment

force

angular momentum P

O
O
®




MTHE42 - Fluid Mechanics (Quiz 2)

Question # 2 of 10 ( Start time: 10:44:00 AM, 12 February 2022 )

mL 1172 is dimensionof

Select the correct option

momentium

O

energy

force

O
O
®

pressure /
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 4 of 10 ( Start time: 10:44:41 AM, 12 February 2022 )

The linear momentum equations is a___ _ equation.

Select the correct option

scalar

O

vector
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MTH642 - Fluid Mechanies (Quiz 2)

Question # 6 of 10 ( Start time: 10:45:08 AM, 12 February 2022 )

Which of the following unit (s) is/are used to measure the dimension of termperature?

Select the correct option

®

all of the given options

kelvin

fahrenheit

O
O
O

rankine
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MTH642 - Fluid Mechanics (Quiz 2)

Question # 7 of 10 ( Start time: 10:45:20 AM, 12 February 2022 )

The dimension of velocity is __

Select the correct option

L1t2

O

®
O
O

Scanne d with CamScanner



MTH642 - Fluid Mechanics (Quiz 2)

Question # 7 of 10 ( Start time: 10:54:59 AM, 12 February 2022)

The magnitude of angular momentum (H ) is equal to

Select the correct option

o VS

Twe

IP*wa

Tox

O
O
O
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WTHO42:0uiz 23

Juestien £ 7 ¢f 10 ( Stant bme: 34:02:08 PM_ 2¢ Aug.st 2021)

Vr=izh of the falwi=g 15 uses 1o define the strezm dunzzan fer two ez enel Soms?

Select the cerrect eplion

Ihz Reynods Transpoei eqaalizn

O

the Ceauchy ecuslins

O the corr.maty equztion J : tOpIC 132

the Navizr-Clotes eqaalien
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MTHE42:Quiz #3

—

Question # 7 of 10 ( Start time: 10:57:21 AM, 25 August 2021)

The differential equation representing the transport of mass and conservation of mass as wellis called____.

Select the corect option

the Reynelds Transport equation

O

the conlinuity equation

o the Navier-Stokes equation /

the Cauchy equation

Scanned with CamScanner



MTH642:Quiz 3

S

Question # 2 of 5 ( Start time: 10:56:13 PM, 08 March 2022 )

For the steady compressible flow, the continuity equation is given as

Select the correct option

Bp/dt + V. (pV) =0

O

dp/dt+ V.V =0

V.V=20

o VW= BTopic124

Scanne d with CamScanner



MTH&42:Quiz 3 Quiz !

Question # 3 of 5 [ Start time: 10:56:50 PM, 08 March 2022 )

Let n be total parameters andj equal to number of primary dimensions, then expected number of IT's (k) equal to :

Select the correct option

k=2n—j

O

Topic 111,
pg116

k=n+3j

@
O

O
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MTH642:Quiz 3

Question # 4 of 5 ( Start time: 10:57:05 PM, 08 March 2022 )

The continuity equation is derived from the law of_.

Select the correct option

conservation of force

O

conservation of mass

Topic 119,
® o

pPg126

conservation of momentum

conservation of energy
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MTH642:Quiz 3

Question # 5 of 5 ( Start time: 10:57:20 PM, 08 March 2022 )

The Euler number (E'u) is equal to :

Select the correct option

O Fu =

Topic 111,

__pgli7z

Scanne d with CamScanner



MTH642:Quiz 3

Question # 1 of 5 ( Start time: 12:03:08 AM, 09 March 2022 )

is the incompressible continuity equation in Cylindrical coordinates.

Select the correct option

1 dlru;) 1 @(rus) du, i
. r— s = + 5 0 TGDIC 124,
~pgl132
1 9lruy) g Ju;,

1 dru;) 1 &(rus) d(ru;)
Ol *tr—a +75 =0
1 alru,) J(rig) o(ru,

o r or o6 + > =0
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MTH642:Quiz 3

Question # 3 of 5 ( Start time: 12:04:42 AM, 09 March 2022 )

Ifi = 3.01s, wyo

= 1.83m/s and z; = 2m, then dimensionless time (£*) is equal to

Select the correct option

o t*=2.71
O t* = 2.79

o t* =27

® * =275 W B Top;;lélS
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MTH642:Quiz 3

Question # 4 of 5 ( Start time: 12:04:55 AM, 09 March 2022 )

The flow is appoximated as incompressible if

Select the correct option

V.- V=1

O

V.- V=10

V- V=0

Scanne d with CamScanner



MTH642:Quiz 3

Question # 1 of 5 ( Start time: 12:09:51 AM, 09 March 2022)

Which of the following is the incompressible continuity equation?

Select the correct option

a
'®) ~ +Ve(pV)=0

O por = —VP+ pg+ pVVv

Dv av
O o = e T (VeV)V

Vel =10

® ~
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MTH642:Quiz 3

Question # 3 of 5 ( Start time: 12:10:50 AM, 09 March 2022 )

For the steady incompressible flow, the continuity equation is given as

Select the correct option

dp/ot +V.(pV) =0

O

Bp/t +V.V =10

V.(pV)=0

Scanne d with CamScanner



MTH642:Quiz 3

Question # 4 of 5 ( Start time: 12:11:51 AM, 09 March 2022 )

The method of repeating variables comprises on ___ steps.

Select the correct option

eight
@,

five
@,

seven

O SiX /
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MTH642:Quiz 3

Question # 5 of 5 ( Start time: 12:12:03 AM, 09 March 2022 )

The Strouhal number (S5%) is equal to :

Select the correct option

V
gt — 1L Topic 106,
e Y pg110
v
O ||5= -

_ fL
O St—vg
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MTH642:Quiz 3

Question # 2 of 5 ( Start time: 12:13:43 AM, 09 March 2022 )

If g = 1.63m/s%, wo = 1.83m /s and 20 = 2m , then Froude number is equalto ___.

Select the correct option

Fr=1.01
®| g

Fr=1.03
O

Fr=1
O

Fr=1.05
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MTH642:Quiz 3

N

Question # 3 of 5 ( Start time: 12:13:55 AM, 09 March 2022 )

The material derivative Dp/Dt can be expanded as

Select the correct option

p Topic 122
® = v pg130
®) Eg;—I—V.Vp

®) ir +V-Vp

O %—I—V+Vp
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MTH642:Quiz 3

Question # 4 of 5 ( Start time: 12:14:06 AM, 09 March 2022)

— —+
Which of the following is a Cartesian form of V. (pV ) = 02 Where V' = (u, v, w).

Select the correct option

O |+ & &

Bow) _ Blev) _ Bew)

O dx dy dz

® Bleu) | 8ev) | Bew) _ “/

dx iy gz
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MTH642:Quiz 3

e

Question # 1 of 5 ( Start time: 12:15:56 AM, 09 March 2022 )

The continuity equation for steady compressible flow in cylindrical coordinates is given as

Select the correct option

1 drows) 1 Blpus) | B(pus)
® | T & =0 Q/

e

O %EP _I_ %S{ngf} —I_%B[:g;ﬂ} _I_ a(pu,) _ D

O d(pu)/Bz + 8(pv)/ 0y + 8(pu) /B2 =

O %5E;¢r}+%ﬂ:;a}+ﬂ{trl _0
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MTH642:Quiz 3

LR

Question # 2 of 5 ( Start time: 12:16:48 AM, 09 March 2022)

is the incompressible continuity equation in Cartesian coordinates.

Select the correct option

O | Bu

o [T
Ollazteatata =0

fp | Bpu)  Blpr)  Blpw)
o E—I_ Fisd + dy + dz =0
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MTH642:Quiz 3

Question # 3 of 5 ( Start time: 12:17:23 AM, 09 March 2022)

Which of the following is steady compressible form of continuity equation?

Select the correct option

O 1? (p?] =

Topic 124,
pPg132

v
® '(] \./
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MTH642:Quiz 3

Question # 5 of 5 ( Start time: 12:18:07 AM, 09 March 2022)

The Reynolds number (Re) is equal 1o :

Select the correct option

O Re ":‘
O | 7
iy
e Re= -

Scanne d with CamScanner




MTHG642:Quiz 3

Question # 3 of 5 ( Start time: 12:26:37 AM, 09 March 2022 }

Which of the following is a general form of continuity equation?

Select the correct option

O ||Z+V-(eV)=0

Scanned with CamScanner



 MTHEAZ:Quiz 3

Question & 4 of 5 ( Start time: 12:39:59 PM, 09 March 2022 )

For an incompressible three dimensional flow, which of the following must be true?

Select the comect option

o =0

O &~

O
=
[

=

O
N
|
=

O
S
"
\
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MTH642:Quiz 3

e

Question # 1 of 5 ( Start time: 12:46:08 AM, 09 March 2022)

Which of the following is the compressible continuity equation?

Select the correct option

Topic 119,
Pg126

—I—? o (pV) =0
] R ° -

nv av
O EZE-F(VO?]V

0O p= = —V P+ pg+ pV*v

VelV =10
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MTH642:Quiz 3

Question # 2 of 5 ( Start time: 12:46:31 AM, 09 March 2022 )

- - —
Which of the following is a polar form of V. (pV' ) = 0?Where V' = (u,, ug, uz).

Select the correct option

8l grur] n 8 preu) i Blpus) _ 4

o %r‘}r o fz

1 Blprug) = 3 pu,)
O |77 = +=% t—& =0
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MTH642:Quiz 3

-

Question # 1 of 5 ( Start time: 10:05:46 AM, 09 March 2022 )

The scaling parameters are based on :

Select the correct option

| primary dimensions ‘/

both primary and secondary dimensions

dimensionless quantities

secondary dimensions
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MTH642:Quiz 3

Question # 4 of 5 ( Start time: 10:06:45 AM, 09 March 2022

For the steady compressible two dimensional flow, the continuity equation is given as

Select the correct option

dp/Ot + O(pu)/dx + I pv)/dy =0

O

Op/Ot + pO(u)/0x + pd(v) /Oy =0

HNpu)/Ox + I pv =0
® (pu)/0x + O(pv) /Oy ‘/

Nu)/ 0z + d(v) /Oy =0

Scanned with CamScanner



MTHG642:Quiz 3

Question # 4 of 5 ( Start time: 09:27:47 PM, 09 March 2022 )

The continuity equation for steady incompressible flow in cylindricel coordinales is givenas

Select the carrect option

Su/Br + Du)Oy + B8z =0

O

1 Bru,) 1 &) ;)
Ollr—a trw + 5 =0 /

1 Drpt. ) 1
® |-~ 7

£ pruaa ) Bpug)
o + i =1

1 & 1 Krew) 1 Hpws) | Hpws)
O Tﬁ+? & trw t—& =10
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MTH642:Quiz 3

Question # 5 of 5 ( Start time: 11:07:22 PM, 09 March 2022 )

For the unsteady compressible three dimensional flow, the continuity equation is given as

Select the correct option

Qufdz + /Oy + Ow/dz=10

O

MNpu)/Ox + 8(pv) /Oy + B(pu)/dz =0

dp/ 8t + pO(u)/ 0z + pd(pv)/ By + pd(u)/0z =0

® dp/0t + & pu)/ 0z + pv) /By + Hpw)/Bz =10 ‘/
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MTH642:Quiz 3

-

Question # 2 of 5 ( Start time: 11:17:27 PM, 09 March 2022)

The Froude number (F'r) is equal to

Select the correct option
O Frz-;;;_L- 1y D Tc:p[ﬁ;l;‘l
® Fr= ;—I
O |Fr= —
Fr= Y&
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Topic No. 70

Bernoulli Equation

e Bernoulli equation: An approximate relation between pressure, velocity, and
elevation, and is valid in regions of steady, incompressible flow where net
frictional forces are negligible.

e Mathematically, we can be expressed as follows: We take the velocity V of a
fluid particle to be a function of s and {. Taking the total differential of V(s, 1)

os ot dt Os dt ot

In steady flow 8V /&t =0and thus V =V (s) , and the acceleration in the s-
direction becomes

dVi oVds oV dv
as == = s = V = V—-
dt Os dt Os ds
Where V =ds/ dt
Steady flow:
dP V? .
—+ = + gz = constant (along a stream line)
o,
Steady, incompressible flow:
B i .
—+—+ gz = constant (along a stream line)
P

The Bernoulli equation can also be written between any two points on the
same streamline as
f 2. V;z B 1k

; ; . Ar Ll pgr =242 4o
Steady, incompressible flow: o 2 &5 o 2 85
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Topic No. 72

Derivation of Bernoulli Equation-2

y Y
. | \

‘\",

L e

The Bernoulli Equation

(For steady flow along a streamline)
General:
D 72
J.—F'ff'— + 1; + gz = constant
I £
Incompressible flow (p = constant): |

| BV erecoristent |
5+ +8z=cons /

= £

Topic No. 73

Force Balance across Streamlines

e Force balance in the direction n normal to the streamline yields the following
relation applicable across the streamlines for steady, incompressible flow:

P V? .
—+ j 5 dn+ gz =constant (across streamlines)
p’

Scanned with CamScanner



Unsteady, Compressible Flow

« The Bernoulli equation for unsteady, compressible flow:

e
Unsteady compressible flow: j_ L s dS + El + gz = constant

Topic No. 74
Static, Dynamic, and Stagnation Pressure

e The kinetic and potential energies of the fluid can be converted to flow energy
(and vice versa) during flow, causing the pressure to change. Multiplying the
Bernoulli equation by the density p.

2
p[— - = + gz = constant (along a stream line)J

2
=P+ p7+ pgz = constant (along a streamline)

e Stagnation pressure: The sum of the static and dynamic pressures is called
the stagnation pressure. and it is expressed as

= P+ p% (kPa)

e As the speed of a fluid increases, the pressure in the fluid decreases.

Scanned with CamScanner



e Bernoulli's Equation for any point along a flow tube or streamline

p+ % pv° + pgh =constant

Dimensions:

p[Pﬂ] = [Nm'z] = [Nmm'a] = [Jm'3]

| ol S 3 _

Epvz [K:gm ‘m’s 2] = [kgm s 2] = [Nmm 3:| :[Jm 3]

pgh I:kgm'sms'zm] = [kgms‘zmm_s] = [Nmm'g] = [Jm's]

Each term has the dimensions of energy/volume or energy density.
% pv° KE of bulk motion of fluid

pgh GPE for location of fluid
p Pressure energy density arising from internal forces within

moving fluid (similar to energy stored in a spring)

Topic No. 77

Applications of the Bernoulli’s Equation-2

N % v’ + gh =constant

o)
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E— o
Assume liquid behaves as an ideal fluid and that Bernoulli’s equation can be
applied
pi+ Yo v+ pgy = py+ Yo pv + pey,

A small hole is at level (2) and the water level (1) drops slowly = v, =0

Dr=Pam > P2~ Pam

gy = Y5 pvi’ + gy,

v22 =2gn—-»)=2gh , h=(»-»)

v, =f2gh Torricelli formula (1608 —1647)

This is the same velocity as a particle falling freely through a height h.

Topic No. 81

Applications of the Bernoulli’s Equation-6

A large artery in a body has an inner radius of 4.00x10° m. Blood flows
through the artery at the rate of 1.00x10° m’s™". The blood has a viscosity of
2.084x10° Pa.s and a density of 1.06x10% kgm™.

Calculate:

(i) The average blood velocity in the artery.

(ii) The pressure drop in a 0.100 m segment of the artery.

(iii)  The Reynolds number for the blood flow.

Briefly discuss each of the following:

(iv)  The velocity profile across the artery (diagram may be hopeful).
(v)  The pressure drop along the segment of the artery.

(vi)  The significance of the value of the Reynolds number calculated in
part (iii).

Solution:

Radius R = 4.00x10°m
Volume flow rate Q = 1.00x10° m?s™
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Viscosity of blood = 2.084x107 Pa.s
Density of blood p = 1.06x10°kgm™

(i) Equation of continuity: O = 4v
A=7R*=7(4.00x107)* =5.03x107 m*

-6
- 2 _M =1.99x10ms™
A 5.03x107
Topic No. 82

Applications of the Bernoulli’s Equation-7

(i) Poiseuille’'s Equation:
_ APzR*

= L=0.100m
Q 8nL
AP — 877L4Q
TR

AL (8)(2.084x10'3)(0.1)g.20x10'5) -
(7)(4.00x107)

AP =2.07Pa
(i) Reynolds Number:

R = it where L = 2R (diameter of artery)
n

z - (1.060x 10°)(1.99%x107°)(2)(4.00x10™)

=8.1
i 2.084x107°
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Topic No. 84

Newton’s Laws of Motion-2

Newton’s laws:

Relations between motions of bodies and the forces acting on them.
Newton'’s first law: A body at rest remains at rest, and a body in motion
remains in motion at the same velocity in a straight path when the net force
acting on it is zero.

Therefore, a body tends to preserve its state of inertia.

Newton’s second law:

The acceleration of a body is proportional to the net force acting on it and is
inversely proportional to its mass.

Newton’s third law:

When a body exerts a force on a second body, the second body exerts an
equal and opposite force on the first.

dV _d(mV)
dt dt

Newton's second law: F =mad =m

Topic No. 85

Newton’s Laws of Motion-3

Conservation of momentum principle: The momentum of a system remains
constant only when the net force acting on it is zero.

Linear momentum is the product of mass and velocity, and its direction is the
direction of velocity.
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e Newton’'s second law is also expressed as the rate of change of the
momentum of a body is equal to the net force acting on it.

_ — . do dlw) dH
Angular momentum equation: M=ld=] —= ——= —
dt dt dt
) dw, dH,
Angular momentum about x-axis: M =1 & Er
' B di

The conservation of angular momentum principle: The total angular
momentum of a rotating body remains constant when the net torque acting on
it is zero, and thus the angular momentum of such systems is conserved.

Scanned with CamScanner



e The rate of change of the angular momentum of a body is equal to the net
torque acting on it.

Topic No. 86
Forces Acting On a Control Volume-1

e The forces acting on a control volume consist of body forces that act
throughout the entire body of the control volume (such as gravity, electric, and
magnetic forces) and surface forces that act on the control surface (such as
pressure and viscous forces and reaction forces at points of contact).

Scanned with CamScanner



Total force acting on control volume: ZI' = med}‘ + Z[Emm

Control volume (CV)

Control surface (CS) k

The total force acting on a control volume is composed of body forces and
surface forces; body force is shown on a differential volume element, and
surface force is shown on a differential surface element.

The most common body force is that of gravity, which exerts a downward
force on every differential element of the control volume.

Gravitational force acting on a fluid element: dE = pgdV

gravity

-—
. . . . . —p
Gravitational vector in Cartesian coordinates: g=—gk

Total body force acting on control volume: Y. F, body = [ pgdV = m.,g
cv

Tomlforce: ZF - ZFgrm'ily + EFpressure 2 z _’\-‘iscuus * E Folhcr
N~ o Ebia —— s

total force body force surface forces
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» Normal stresses are composed of pressure (which always acts inwardly
normal) and viscous stresses.

Shear stresses are composed entirely of viscous stresses.

T()Tﬂ[ﬂ)}‘('é’: ZF Z ,g,mul} ZFpremure * Z viscous £ Z ulher

T —

—
luldl luru bud} force surface forces

The Linear Momentum Equations

Newton’s second law for a system of mass m subjected to net force >Fis
expressed as

47
dt

—

- N d
ZF=ma=m =E(mV)

where mV is the linear momentum of the system. Noting that both the
density and velocity may change from point to point within the system,
Newton’s second law can be expressed more generally as

— d —
F=— vay
Z dr—[;ysp

e Newton’s second law can be stated as the sum of all external forces acting on
a system is equal to the time rate of change of linear momentum of the
system.

The Reynolds transport theorem is expressed for linear momentum as

pVdl + J pV (V.-11) dA
CS

General. YF= ﬁJ' p‘?dV + [ {)'v_;(l_/:_-if) dA
cv

CS
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Special Cases

Steady flow: YF = [ {;17(1/,-;?) dA

Mass flow rate across an inlet or outlet: ~ m = J p(V-r)dA, = pV, A,
A,

The rotational motion: A motion during which all points in the body move in
circles about the axis of rotation.

Rotational motion is described with angular quantities such as angular
distance @, angular velocity @, and angular acceleration « .

Newton's second law requires that there must be a force acting in the
tangential direction to cause angular acceleration.

The strength of the rotating effect, called the moment or torque, is proportional
to the magnitude of the force and its distance from the axis of rotation.

The perpendicular distance from the axis of rotation to the line of action of the
force is called the moment arm, and the magnitude of torque M acting on a
point mass m at normal distance r from the axis of rotation is expressed as

Torque

~ . d® dd®) dH

Angular momentum equation: M=la=1 e

-
: . _ 27N
Angular velocity versus rpm: @ = 2zn (rad/min) = Y (rad/s)
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Shaft power: W

« = oM = 2rnM

sh

, e |
Rotational kinetic energy: KE, = ;Im“’

!
Fa

An important class of fluid devices, éal!ed turbo machines, which include

centrifugal pumps, turbines, and fans, is analyzed by the angular momentum
equation.

A force whose line of action passes through point O produces zero moment

about point O.

Radial-Flow Devices

Radial-flow devices: Many rotary-flow devices such as centrifugal pumps and
fans involve flow in the radial direction normal to the axis of rotation.
Axial-flow devices are easily analyzed using the linear momentum equation.
Radial-flow devices involve large changes in angular momentum of the fluid
and are best analyzed with the help of the angular momentum equation.

Dimensions and Units

Dimension: A measure of a physical quantity (without numerical values).
Unit: A way to assign a number to that dimension.

There are seven primary dimensions (also called fundamental or basic
dimensions) mass, length, time, temperature, electric current, amount of
light, and amount of matter.

All nonprimary dimensions can be formed by some combination of the seven
primary dimensions.

Length

Dimensions of force: {Force} = { Mass — } = {mL/t*)

Time?

length is a dimension, but centimeter is a unit.
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EXAMPLE 7-2 Dimensional Homogeneity
of the Bernoulli Equation

1
Bernoulli equation: P+ Epvz +pgz=C 0]

Analysis (a) Each term is written in terms of primary dimensions,

(P = {Pr - Force | M Length 1
A Area | i Time®> Length®

I vl = Mass (Length)2 B Mass x Length? [ m
2”7 f T \Volume \ Time / J = \Length® x Time?J ~ | £L

] Mass LengthL " Mass X Length® m
pgz} = Volume Time? o) Length® x Time?J | L

Il
-
ok
S

m
Primary dimensions of the Bernoulli constant: iC} = { tZL}

Normalized Equation:

o [f the nondimensional terms in the equation are of order unity, the equation is
called normalized.

e Each term in a nondimensional equation is dimensionless.

Equation of motion:
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Dimensional variables:

e Dimensional quantities that change or vary in the problem. Examples: z
(dimension of length) and ¢ (dimension of time).

Nondimensional (or dimensionless) variables

e Quantities that change or vary in the problem, but have no dimensions.
Example: Angle of rotation, measured in degrees or radians which are
dimensionless units.

V 8%y

Froude number: Fr =

Dimensional Analysis and Similarity-1

¢ In most experiments, to save time and money, tests are performed on a
geometrically scaled model, rather than on the full-scale prototype.

There are three necessary conditions for complete similarity hetween a model and a
prototype.

¢ The first condition is geometric similarity, the model must be the same
shape as the prototype, but may be scaled by some constant scale factor.

e The second condition is kinematic similarity, which means that the velocity
at any point in the model flow must be proportional (by a constant scale
factor) to the velocity at the corresponding point in the prototype flow.

e The third and most restrictive similarity condition is dynamic similarity, when
all forces in the model flow scale by a constant factor to corresponding forces
in the prototype flow (force-scale equivalence).
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Buckingham Pi Theorem
Step 1:

e List all the dimensional parameters involved
e Letn be the number of parameters
e Example: For drag on a sphere, F,V,D,p,u &n=5

Step 2:

e Select a set of fundamental (primary) dimensions.
e For Example M(kg), L(m), t(sec).
e Example: For drag on a sphere choose MLt

Step 3:

e List the dimensions of all parameters
e Letrbe the number of primary dimensions.
e Example: Fordragon aspherer=3

Step 4:

e Select a set of r dimensional parameters that includes all the primary
dimensions.
e Example: For drag on a sphere (m =r = 3) select p, V,D

Step 5:

e Set up dimensionless groups 1T
e There will be n - m equations
e Example: For drag on a sphere

Step 6:

e Check to see that each group obtained is dimensionless
e Example: For drag on a sphere
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Significant Dimensionless Groups in Fluid Mechanics

Reynolds Number

Mach Number

Froude Number

Weber Number

Euler Number

Cavitation Number

_pVL _ VL
Re ? =
=Y
c
V
Fr = —
vgL
We = szL
a
A
Eu = i P
27V
Ca - p“_pu
lpVZ
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Divergence theorem: J V-GdV = Sﬁ(?? dA
Vv A

J .
0=J —p-dU+I V-(pV) dV

@, ool
Lv[af-l-v.(pwl V=0

0 _
Continuity equation: d—f; + V-(pV) =0
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The divergence operation in Cartesian and cylindrical coordinates.

We expand equation

% TV =0
ot V)=
by using the product rule on the divergence term,
ap d

?+V(/)V)—d—p+VVp+pa‘7:0

L

-»
Material derivative of p

Alternative form of the continuity equation:

le
+VV 0
p Dt
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Topic No. 124

THE CONTINUITY EQUATION: Special Cases of the Continuity
Equation

Special Case 1: Steady Compressible Flow
Steady continuity equation: V:(pV) =0

In Cartesian coordinates, this reduces to

d(pu) ~ d(pv) ~Apw)
ox u ady . o0z

0

In cylindrical coordinates, it reduces to

1 o(rpu,) 1 d(pu,) d(pu.)
———— = + =l
r  or ro 00 0z

Special Case 2: Incompressible Flow

<l
<l
I
o

Incompressible continuity equation:
Since op/ot=0

Incompressible continuity equation in Cartesian coordinates:
ou & du & aw
a oy 0

Incompressible continuity equation in cylindrical coordinates:
1 d(ru,) M 1 9(uy) i a(u.) o
roor r a0 oz
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Topic No. 127

Examples of Application of the Continuity Equation

Example: Incompressibility of an Unsteady Two-Dimensional Flow

B Consider the velocity field of Example 4-5—an unsteady, two-dimensional velocity

W ficld given by V = (u, v) = (0.5 + 0.8x)i + [1.5 + 2.5 sin (wr) — 0.8y]j, where
angular frequency @ is equal to 2x rad/s (a physical frequency of 1 Hz). Verify that
this flow field can be approximated as incompressible.

SOLUTION We are to verify that a given velocity field is incompressible.
Assumptions 1 The flow is two-dimensional, implying no z-component of velocity
and no variation of u or v with z.

Analysis 'The components of velocity in the x- and y-directions, respectively, are

u=05+08 and o =15+ 2.5sin(wf) — 0.8y

If the flow is incompressible, Eq. 9-16 must apply. More specifically, in Cartesian
coordinates Eq. 9-17 must apply. Let’s check:

du v oy
_“+_”+7ﬁ =0 - 08-08=0
dx  dy az

- L= b
08 (.8 Osince2-D

So we see that the incompressible continuity equation is indeed satisfied at any instant
in time, and this flow field may be approximated as incompressible.

Discussion Although there is an unsteady term in o, it has no y-derivative and
drops out of the continuity equation.
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Topic No. 128
Examples of Application of the Continuity Equation

Three-Dimensional Flow

Example: Finding a Missing Velocity Component

= Two velocity components of a steady, incompressible, three-dimensional flow

m field are known, namely, u = ax2 + by? + cz? and w = axz + byz?, where
a, b, and c are constants. The y velocity component is missing (Fig. 9-14).
Generate an expression for v as a function of x, y, and z

SOLUTION We are to find the y-component of velocity, », using given
expressions for v and w.

Assumptions 1 The flow is steady. 2 The flow is incompressible.

Analysis Since the flow is steady and incompressible, and since we are
working in Cartesian coordinates, we apply Eq. 9-17 to the flow field,

Condition for incompressibility:
av au aw av
—=—-—— = — = — = —3qgx — 2byz
ay dx az ay

2ax ax + 2byz

Next we integrate with respect to y. Since the integration is a partial integra-
tion, we add some arbitrary function of x and z instead of a simple constant

of integration.
Solution: v = —3axy — by*z + f(x,2)

Discussion Any function f(x,2) yields a v that satisfies the incompressible
continuity equation, since there are no derivatives of v with respect to x or z
in the continuity equation.
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Topic No. 129

Examples of Application of the Continuity Equation

Example: Two-Dimensional, Incompressible, Vertical Flow

Consider a two-dimensional, incompressible flow in cylindrical coordinates; the :
tangential velocity component is u, = K/r, where K is a constant. This represents ®
a class of vortical flows. Generate an expression for the other velocity compo-
nent, u,.

SOLUTION For a given langential velocity component, we are (0 generate an
expression for the radial velocity component.

Assumptions 1 The flow is two-dimensional in the xy- (r8-) plane (velocity is
not a function of z, and u, = 0 everywhere). 2 The flow is incompressible.
Analysis The incompressible continuity equation (Eq. 9-18) for this two-dimensional
case simplhfies (o

1 d(ru,) 1 Ou, % d(ru) du,,
A0 LT ke - e
r or Troe A or 20 @

e
0(2-D)
The given expression for u, 1s not a function of @, and therefore Eq. 1 reduces to
a(ru,)

dar

=0 -  ru=f00 2)

where we have introduced an arbitrary function of ¢ and ¢ instead of a con-
stant of integration, since we performed a partial integration with respect to r.

Solving for u,, 16,0
(6,1
=, 3

Thus, any radial velocity component of the form given by Eq. 3 vields a two-dimensional,
incompressible velocity field that satisfies the continuiry equation.

r
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Topic No. 130
Examples of Application of the Continuity Equation

Example: Conditions for Incompressible Flow

B Consider a steady velocity field given by V=uow= a(x®y + ydi + bxy?yj
B + cxk, where a. b, and ¢ are constants. Under what conditions is this flow field
J incompressible?

SOLUTION We are to determine a relationship between constants a, b, and ¢ m
that ensures incompressibility. =
Assumptions 1 The flow is steady. 2 The flow is incompressible (under certain ™
constraints to be determined). -
Analysis We apply Eq. 9-17 to the given velocity field, I

a—"+%+%&—0 —  2axy + 2bxy = 0
ax " ay | pz S s
—— e

2axy Zbhxy 0

Thus to guarantee incompressibility, constants @ and b must be equal in magnitude
but opposite in sign.

Condition for incompressibility: a=-b
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Topic No. 131
The Stream Function

The Stream Function in Cartesian Coordinates

ou ov
G ot |
dx dy

A clever variable transformation enables us to rewrite above equation in terms
of one dependent variable () instead of two dependent variables (v and v).
We define the stream function y

Incompressible, two-dimensional stream function in Cartesian coordinates:

_ 9y
oy

dy

and o»=-—
an v e

/]

The stream function and the corresponding velocity potential function were
first introduced by the Italian mathematician Joseph Louis Lagrange
(1736-1813). Substitution of above equations yields

0 oy . 0 dy\ oy Dy ~0
ox \ dy dy ox) dxady adyox

which is identically satisfied for any smooth function y(x, y), because the
order of differentiation (y then x versus x then y) is irrelevant.

dy v
Along a streamline: —_——= = — —vdx+udy =0
dx u ot o
il dx dyrlay

Scanned with CamScanner



The Stream Function

Example: Calculation of the Velocity Field from the Stream Function

B A steady, two-dimensional, incompressible flow field in the xy-plane has a

@ stream function given by y = ax’ + by + cx, where «, b, and ¢ are constants:
a =050 (m-s)"', b = =2.0 m/s, and ¢ = —1.5 m/s. (a) Obtain expressions for
velocity components u and v. (b) Verify that the flow field satisfies the incom-
pressible continuity equation. (¢) Plot several streamlines of the flow in the
upper-right quadrant.

SOLUTION For a given stream function, we are to calculate the velocity compo-
nents, verify incompressibility, and plot flow streamlines.

Assumptions 1 The flow is steady. 2 The flow is incompressible (this assump-
tion is to be verified). 3 The flow is two-dimensional in the xy-plane, implying that
w = 0 and neither « nor » depend on z.

Analysis (a) We use Eq. 9-20 to obtain expressions for « and v by differentiating
the stream function,

0 0
u="Y=p and v=-—t=-3a—c
dy dx

Equation for a streamline: y =

The Stream Function

Example: Calculation of Stream Function for a Known Velocity Field

Consider a steady, two-dimensional, incompressible velocity field with
u=ax + b and v = —ay + cx, where a, b, and ¢ are constants: a = 0.50 s,
b = 1.5 m/s, and ¢ = 0.35 s~'. Generate an expression for the stream function and
plot some streamlines of the flow in the upper-right quadrant.

SOLUTION For a given velocity field we are to generate an expression for y
and plot several streamlines for given values of constants a, b, and c.
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y = axy + by + g(x)
dy ,

v=-——=-ay - g'x)
ox

Topic No. 134

The Stream Function in Cylindrical Coordinates

d(ru,) o d(uy) _

0
or a0
Incompressible, planar stream function in cylindrical coordinates:
1 oy oy
u=—— and yy=-—
r ae or
1 o(ru,)  o(u.) 5
rooor 0z

Incompressible, axisymmetric stream function in cylindrical coordinates:

1 oy 1 dy
=—— and = ——
u, = 5 a =

Example: Stream Function in Cylindrical Coordinates

Consider a line vortex, defined as steady, planar, incompressible flow in which the
velocity components are u, = 0 and u, = K/r, where K is a constant. This flow is
represented in Fig. 9-15a. Derive an expression for the stream function y(r, 6), and
prove that the streamlines are circles.

SOLUTION For a given velocity field in cylindrical coordinates, we are to
derive an expression for the stream function and show that the streamlines are cir-
cular.
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oy K
—=—u9=—— —

= - 0
o > W Kinr+ fi6)

Now we use the other component of Eq. 9-27,

JS@=0 - fie)=C

yvw=—KInr+C

Topic No. 137

The Navier-Stokes Equation: Introduction

M

()

(3)

the stress tensor ¢ contains nine components, six of which are

independent (because of symmetry).

fluid is at rest, the only stress acting at any surface of any fluid element is

pressure P, which always acts inward and normal to the surface.

o-.".\' o-\."\ O-II
Fluid at rest: o, =0y 0, 0. |=10
O-VT a:_\ 6:: 0
Moving fluids:
5 6.\'_'.' o..\': —P 0 0
G::;' = yx Yy ¥z = 0 =5 0 G 3
o, O o 0 0O -P

X y =<

P 0

0

-P 0

—P

7j;, called the viscous stress tensor or the deviatoric stress tensor.
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Mechanical pressure is the mean normal stress acting inwardly on a fluid
element. It is therefore also called mean pressure.

L2 Sl e n ; S
Mechanical pressure: P, = 3 ket O i)

Topic No. 138
Newtonian versus Non-Newtonian Fluids

« The study of the deformation of flowing fluids is called rheology.
» Newtonian fluids, defined as fluids for which the stress tensor is linearly
proportional to the strain rate tensor.

e Fluids for which the stress tensor is not linearly related to the strain rate
tensor are called non-Newtonian fluids.

» A fluid that returns (partially) to its original shape after the applied stress is
released is called viscoelastic.

Some non-Newtonian fluids are called shear thinning fluids or pseudo
plastic fluids, because the more the fluid is sheared, the less viscous it
becomes.

Plastic fluids are those in which the shear thinning effect is extreme.

In some fluids a finite stress called the yield stress is required before the fluid
begins to flow at all; such fluids are called Bingham plastic fluids.

Shear thickening fluids or dilatant fluids; the more the fluid is sheared, the
more viscous it becomes.

Topic No. 143
What is a Boundary Layer?

« A boundary layer is a layer of flowing fluid near a boundary where viscosity
keeps the flow velocity close to that of the boundary.
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Example 8

"he radial velocity component in an incompressible.ﬁi’fiﬁ
dimensional flow ficld (= () is
v, = 2r + 3”7 sinf
* Determine the corresponding tangential velocity component, v,
required to satisfy conservation ol mass.
Solution.

* The continuity equation for incompressible steady flow in
cylindrical coordinates is given by
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Consider the following steady, three-

mple 4

field in Cartesian coordinates:

V= (u, v, w) = (axy? — b)i

™~
nsional vcﬁlly a

5" 4+ dxyk

where a, b, ¢, and d are constants. Under what conditions is

this flow field incompressible?
Solution
Condition for incompressibility:

* Thus to guarantee incompressibility, constants a and ¢
satisfy the following relationship:

a=-3c
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» Viscosity = frictional forces = energy lost by heating fluid = increase in
interval energy of fluid = increase in temperature of fluid.

* Where does the energy come from?

+ Equation of continuity still applies = energy cannot come from KE of fluid =
energy must be provided from the energy of fluid = pressure drop along

tube.
vy~0ms’
(1) Surface of liquid
Fae
¥4 ¥ - ¥
(2) Just outside hole
v;=?7 ms’
i;'z Ps* P

Assume liquid behaves as an ideal fluid and that Bemoulli's equation can be
applied

P + ! 2 f“l:l: + PK,\‘, =P ¥ ! 2 i‘,‘l_‘_‘ T f)g.“l

A small hole is at level (2) and the water level (1) drops slowly = v, =0
Pr=Puw + P~ P

pgy, = Y5 pvi’ + pgy,

v, =2g(y,-y,)=2gh , h=(y,—-y,)

v,=\2gh  Tormicelli formula (1608 - 1647)

This is the same velocity as a particle falling freely through a

Applications of the Ber
FORCES ACTIN

Lt F,

* Miotion of ohject

[ PeR——,
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» Why does a cricket ball swing or a baseball curve?
* Drag force

Frictional drag (viscosity)

Pressure drag (eddies — lower pressure)

Drag force due * motion of air
———s 10 pressure difference *+  motion of object “““
low pressure region Drag force due . "'°“°", :"’, i
rotational KE of eddies — 20 JUOSEEN S flow speed (high) v,, + v
heating effect — increase — reduced pressure
in internal energy - .
temperature increases v - I MAGNUS EFFECT

. Mo CURVE Var (Voual
Drag force i3 opposite flow speed (low) v, - v
10 the duection of = increased pressure
high pressure region T
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* Use control volume analysis to determine the moments caused by fluid flow
and the torque transmitted

Topic No. 84
Newton's Laws of Motion-2

» Newton's laws:

* Relations between motions of bodies and the forces acting on them.

= Newton's first law: A body at rest remains at rest, and a body in motion
remains in motion at the same velocity in a straight path when the net force
acting on it is zero.

» Therefore, a body tends to preserve its state of inertia.

* Newton's second law:

» The acceleration of a body is proportional to the net force acting on it and is
inversely proportional to its mass.

e Newton's third law:

« When a body exerts a force on a second body, the second body exerts an
equal and opposite force on the first.

+ Therefore, the direction of an exposed reaction force depends on the body
taken as the system.

dlaw: F=mi=m d_V = 4(mV)
dt dt

Newt

Linear momentum or just the momentum of the body: The product of the mass
and the velocity of a body.
Newton's second law is usually referred to as the linear momentum equation.

B MT - Fluid M i r Af. M | (MSc M

Topic No. 85
Newton's Laws of Motion-3

* Conservation of momentum principle: The momentumn of a system remains
constant only when the net force acting on it is zero.

m'l"

* Linear momentum is the product of mass and velocity, and its direction is the
direction of velocity.
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Topic No. 85

Newton's Laws of Motion-3

+ Conservation of momentum principle: The momentum of a system remains
constant only when the net force acting on it is zero

mV

e Linear momentum is the product ol mass and velocity, and its direction is the
direction of velocity

Net force

/
Rate of change

of momentum

¥

« Newton's second law is also expressed aglihe rate of chagge of (e
momentum of a body is equal to th¥net force acting Ohwite™

The counterpart of Newton's second law S/*&iiag rigid bodies is expressed

as M = la, where M is the net moment or torque dijglied on the body, 1 is
the moment of inertia of the body about the axisalg#iation, and « is the
angular acceleration. It can also be expressed in terms of the rate of chanage

of gg8ular momentum dH /di as

3 " t!!r; di fr:;l dH
Angular momentum equation M=la=] = = -
dr dr dt

dw, dH,
Angular momentum aboul x-axis M. =1 =

: Yodr dt

#"he conservation of angular momentum principle The total angular
momenturn of a rotating body remains constant when the nel torque acting on
it is zero, and thus the angular momentum of such systems IS conserved

| MTH642 - Fluid Mechanics, Written by Mahar Afag Safdar Muhammadi (MSc Math)
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Topic No. 85

lewton’s Laws of Motion-3

Conservation of momentum principle: The momentum of a system remains
constant only when the net force acting on it is zero.

Linear momentum is the produl of mass and velocity, 28d its direction is the
dir@tion of yallsity.

-

*» Newton's second law is also expressed as the rate of change of the
momentum of a body is equal to the net force acting on it.

The counterpart of Newton’s second law for rotating rigid bodies is expressed
as M =1Ia, where M is the net moment or torque applied on the body, I is

the moment of inertia of the body about the axis of rotation, and & is the
aggular acceleration. It can also be expressed in terms of the rate of change

of angular momentum dH / dt as

- -y - do dlw) dH
Angular momentum equation: M=ld= —_— - =
dt dt di
dw, dH,
Angular momentum about x-axis: M =1 =
dr dr
e ll=rvation of angular momentum principle: The total angular

momentum of a rotating body remains constant when the net torque acting on
it is zero, and thus the angular momentum of such systems is conserved.

E MTH642 - Fluid Mechanics, Written by Mahar Afag Safdar Muhammadi (MSc Math)

Net lorgue

Rate of change

of angular momentum
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Analogy between corresponding linear and angular quantities

Magnirtude of angular momentum: H = l rw ém = ” r n’mlm = [w

H=lw
dw dlw) dH
\ngular momentum equation M=la=I]—= -
dr di dt
2xn
Angular velocity VEFSHS rpm i) 2xn (rad/min) = (rad/s)

6

Angular momentum of point r velocity w at distance

rt

€ relations between angular velocity, rpm, and the power transmitted
through a rotating shaft.

H = FV = Frw = Mw

Shaft power W..=oM=2zmM

Rovational kinetic energ Kl Tor

Topic No. 91
The Angular Momentum Equation-1

+ Many engineering problems involve the moment of the linear momentum of
flow streams, and the rotational eflects caused by them.

¢ Such problems are best analyzed by the angular momentum equation, also
called the moment of momentum equation

« An important class of fluid devices, called turbo machines, which include
centrifugal pumps, turbines, and fans, is analyzed by the angular momentum
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Topic No. 91
The Angular Momentum Equation-1

« Many engineering problems involve the moment of the linear momen /
flow streams, and the rotational effects caused by them.

» Such problems are best analyzed by the angular momentum equation, a
called the moment of momentum equation.

« Animponant class of fluid devices, called turbo machines, which include
centrifugal pumps, turbines, and fans, is analyzed by the angular momentum
equation.

« Aforce whose line of action passes through point O g80duces zerg moment
about paint O.

T~
\r“f‘m 7
\ N

Crsind?

—

.

‘
Direction of \ <

rotation | ¥ |
().~

P ﬁ
M= Frsint!

The moment of a force F about a point O is the vector product of the position

vector r and F .

IEN MTH642 - Fluid Mechanics, Written by Mahar Afaq Safdar Muhammadi (MSc Math)

Seme of the
N osment

¥
f
| ¥ i

| -
[I
|
L*’ﬁ
'l
=,
Axis of P
mdkm !
|
"

The determination of the direction of the moment by the right-hand rule.

Maoment of momentum: H=7rxmV
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Dimensions and Units

« Dimension: A measure of a physical quantity (without numerical values).

+ Unit: A way to assign a number to that dimension.

* There are seven primary dimensions (also called fundam
dimensions) mass, length, time, temperature, electric curr
light, and amount of matter.

« All nonprimary dimensions can be formed by some combi
primary dimensions.

Length "
| Force} = = {mL/t*}

o] - 2
Time*

Length

26/ 82

32em ———»

|1 |IH|HH‘HI
3

1 .

¥4

A dimension is a measure of a physical quantity without numerical values,
while a unit is a way to assign a number to the dimension. For example,
length is a dimension, but centimeter is a unit.

Primary dimensions and their associated primary SI and English units

Dimension Symbol* SI Unit English Unit
Mass m kg (kilogram) Ibm (pound-mass)
Length E m (meter) ft (foot)

Time' t s (second) s (second)
Temperature T K (kelvin) R (rankine)
Electric current | A (ampere) A (ampere)
Amount of light c cd (candela) cd (candela)
Amount of matter N mol (mole) mol (mole)

TEM MTH642 - Fluid Mechanics, Written by Mahar Afaq Safdar Muhammadi (MSc Math)

Topic No. 98 & 99

Dimensional Homogeneity

[
EXAMPLE 7-2 Dimensional Homogeneity ]
of the Bernoulli Equation :

L]

Probably the most well-known (and most misused) equation in fluid mechanics is
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Topic No. 98 & 99

Dimensional Homogeneity

EXAMPLE 7-2 Dimensional Homogeneity
of the Bernoulli Equation

Probably the most well-known (and most misused) equation in fluid
the Bernoulli equation (Fig. 7-6), discussed in Chap. 5. One standard
Bernoulli equation for incompressible irrotationalfluid flow is

Bernoulli equation: i

(a) Verify that each additive term in the Bern
sions. (b) What are the dimensions of the const,

ton of the Day / ;
Equt -. of a difiensionally homoger .

tive terms, includin. 27/ 82
are=C have the same dimensions, of
\ pressure. In terms of primary dimensions,
—  each term has dimensions {m/(t’L)}.

>
o

gation

i i
The chmum egquat

I‘F‘

SOLUTION We are to verify that the primary dimensions of each additive
term in Eq. 1 are the same, and we are to determine the dimenss
constant C.

Analysis (a) Each term is written in terms of primary dimensions

Force [Lnglh
{P} = [Pressure} = = 4 Mass

Area

{l v:} { Mass (Length)z} {Masste
4 ~ | Volume \ Time ~ | Length® x

Mass Length
I} = — 1, th =
pg) {Volume Time* e } {

Indeed, all three additive terms have the same dimensions.

(b) From the law of dimensional homogeneity, the constant
dimensions as the other additive terms in the equation, Thus,

{_.

Discussion If the dimensions of any of the terms were different from the others,
it would indicate that an error was made somewhere in the analysis.

Primary dimensions of the Bernoulli constant: {€) =

P8 MTH642 - Fluid Mechanics, Written by Mahar Afag Safdar Muhammadi (MSc Math)

Topic No. 100

Non Dimensionalization of Equations-1

Normalized Equation:
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Topic No. 100

Non Dimensionalization of Equations-1
Normalized Equation:

« |f the nondimensional terms in the equation are of order unity, the equation is
called normalized.
« Each term in a nondimensional equation is dimensionless.

Nondimensional Parameters:

« |n the process of nondimensionalizing an equation of motion,
nondimensional parameters often appear st of which are named after
notable scientist or engineer (e.g., the Reynoldsfyumber and the F
number).

* This process is referred to

The nondimenstonalized Bernoulli
equation
RSP A .

by 2Pe,. Pu FPu
"

A0 SRR R B SR )

ensionalized form of the Ber ion i by dividing
each additive term by a pressure

dimensionl (dimensions of {1}).

d*z

Equation of motion:

Dimensional result:

® (Object falling in a vacuum. Vertical velocity w<0fora

falling object.

[El MTH642 - Fluid Mechanics, Written by Mahar Afaq Safdar Muhammadi (MSc Math)

w = component of velocity
in the z-direction

4 ' z = vertical distance

£ = gravitational
acceleration in the

neoative rwdirectinn
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¢ In such cases, care must be taken to properly scale the results. We introduce
here a powerful technique called dimensional analysis.

The three primary purposes ol dimensional analysis are

* To generate nondimensional parameters that help in the design of
experiments (physical and/or numerical) and in the reporting of experimental
results

« To obtain scaling laws so that prototype performance can be predicted
from mode! performance

* To (sometimes) predict trends in the relationship between parameters

There are three necessary conditions for complete similarity between a model and a
prototype.

* The first condition is geometric similarity, the model must be the same
shape as the prototype, but may be scaled by some constant scale factor.
e The second condition is kinematic similarity, which means that t

Dimensional Analysis and Similarity-2

Prototype: —
- | H
mmi
][] -
‘l 1
[ 1
—_— 2 LI
7 ) 111
5 ) A1
J
' |
18 1l Fﬂ!‘
15 i =]
Model:
Ve
—_———
Fﬂ.n

Kinematic similarity is achieved when, at all locations, the speed in the model flow is
proportional to that at corresponding locations in the prototype flow, and points in the
same direction.
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Significant Dimensionless Groups in Fluid Mechanics

Reynolds Number

Re = pVL VL
Jt v
Mach Number “
M= E
%

Froude Number e T

1’4
Fr= —
Vsl
Weber Number
We = pVEL
a
Euler Number
ipV'
Cawvitation Number
Ca = ‘r; A
—pV?
2p

Topic No. 112

Differential Analysis of Fluid Flow; Introduction

« Continuity Equation

« Momentum Equation

= Euler's Equations

« Navier Stokes Equations

« Applications of the above equations

= Special cases /
« Equations of Fluid Dynamics, Physical Meaning ol the term.

« Equations are based on the following physical principles:

» Mass is conserved
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J » V=3m- Ym
cv Ot in

oul

The net rate of change of mass within the control volume is equal to the rate
at which mass flows into the control volume minus the rate at which mass
flows out of the control volume.

THE CONTINUITY EQUATION: Derivation Using the Divergence Theorem

» The quickest and most straightforward way to derive the differential form of
conservation of mass is to apply the divergence theorem (Gauss's theorem).

Divergence theorem: I V.GdV = é(_fﬁ dA
v A
==
0 =5 s
0=[ e dU+I Vi(p¥) dV
cv 01 cv

0P =, =3
Lv [0: + V-(pV)] dV =0

p = —
Continuity equation: £ + V-(pV) =0

e at

« This equation is the compressible form of the continuity equation since we
have not assumed incompressible flow. Itis valid at any point in the flow
domain.

B MTH642 - Fluid Mechanics, Written by Mahar Afag Safdar Muhammadi (MSc Math

Topic No. 120

THE CONTINUITY EQUATION: Derivation Using an Infinitesimal
Control Volume

« A small box-shaped control volume centered at point P is used for derivation
of the differential equation for conservation of mass in Cartesian r s;
the red dots indicate the center of each face. /

Crannad with Mam@rannoar
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Topic No, 124

THE CONTINUITY EQUATION: Special Cases of the Continuity
Equation

Special Case 1: Steady C

Steady continui

V-(pV) = 0

In Cartesian

In cylindrical coordinates, it reduces to

| d(rpu,) | dlpu,)  dpu.)
r or Tr 30 T ozem

Special Case 2: Incompressible Flow
Incompressible continuity equation:
Since opldr=0

Incompressible continuity equation in Cartesian coordinates:
du du dw
+ =

dx adv a:

Incompressible continuity equation in cvlindrical coordinates:

| drue,) | du,)  HNu)
. -+ = ()
ro or r o d:

Topic No. 125

THE CONTINUITY EQUATION: Examples of Application of the
Continuity Equation

Example: Design of a compressible converging duct

MTH642 - Fluid Mechanics, Written by Mahar Afag Safdar Muhammadi (MSc Math)

B A two-dimensional converging duct is being designed for a high-speed wind w-
B nel. The bottom wall of the duct is 1o be flat and horizontal, and the 1op *

g s to be curved in such a way that the axial wind speed u increases app /
c mately linearly from w, = 100 m/s at section (1) to u, = 300 m/s at sec

(2) (Fig. 9-12). Meanwhile, the air density p is to decrease approximately lin- I

Scanned with CamScanner

Scanned with CamScanner




WIT 08 Z = FIUIT MECTIdiTics, VVITIIETT Oy Widiidal Atdat odiadl MUTTAImmadi [viot Widii)

Topic No. 127
Examples of Application of the Continuity Equation
Example: Incompressibility of an Unsteady Two-Dimensional Flow
B Consider the velocity field of Example 4-5—an unsteady, two-dimensional velocity

W field given by V=(uuv)=(05+080)i + [1.5 + 2.5 sin (wr) = lJ.B‘\'I‘,r". where
angular frequency  is equal to 2z rad/s (a physicalgrequency of 1 Hz). Verify that

Assumptions 1 The flow is twoedimeng®ial, implying no z-com
and no variation of u or v with z,
Analysis The components of ve

u=0.5+ 0.8

the x- and y-directions, re:

and o=15+25sin

If the flow is incompressible, . must apply. More specif , in Cartesian

du oo oW
— —_— + ..r'_ -
dx dy Joz

0s -{) % 0 since 2-D
tion is indeed satisfied at any instant

ated as incompressible,
ady term in o, it has no y-derivative and

So we see that the incompressible continuity
in time, and this flow field may be app
Discussion Although t 12

drops out of the continuity equation.

Topic No. 128
Examples of Application of the Continuity Equation

Three-Dimensional Flow

Example: Finding a Missing Velocity Component

m Two velocity components of a steady, incompressible, three-dimensional flow

m field are known, namely, u = ax® + by? + cz? and w = axz + byz?, where
a, b, and c¢ are constants. The y velocity component is missing (Fig. 9-14).
Generate an expression for v as a function of x, y, and 2.

SOLUTION We are to find the y-component of velocity, v, using given
expressions for u and w.

Assumptions 1 The flow is steady. 2 The flow is incompressible.

Analysis Since the flow is steady and incompressible, and since we are
working in Cartesian coordinates, we apply Eq. 9-17 to the flow field,

Condition for incompressibiliry:
dv o aw v
—

=3ax = 2byz

dy ax a2 dy
2y ax + Ty

Next we integrate with respect to y. Since the integration is a partial integra-
tion, we add some arbitrary function of x and z instead of a simple constant
of integration.

Solution: v = =3axy — by’z + fix,2)

Discussion Any function f(x,2) yields a v that satisfies the incompressible
continuity equation, since there are no derivatives of v with respect to x or z
in the continuity equation.

Topic No. 129
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Topic No. 129

Examples of Application of the Continuity Equation
Example: Two-Dimensional, Incompressible, Vertical Flow

Consider a two-dimensional, incompressible flow in cylindrical coordinates; the m
tangential velocity component is u, = K/r, where K is a constant. This represents ®
a class of vortical flows. Generate an expression for the other velocity compo-
nent, u,.

SOLUTION For a giv
expression for the radi
Assumptions 1T
not a function of
Analysis

implif}

angential velocity component, we
ocity component.
low is two-dimensional in the xy- (r-)

¢ 10 generate an

ane (velocity is

Case

du,

1 (ru,) 1 du .
4 4y '/ =0

- m
r odr r of A0z ol
00-D)
The given expressio is not a function of @, a@therefore Eq. 1 reduces to
d(ru, )
- ru, = (0, 1) )

dr

where we have introduced ag@¥arbitrary function of @ and r instead of a con-

stant@@ integration, since performed a partial integration with respect to r.
Solving
[, 0
u = (3
r

Thus, any radial velocity component of the form given by Eq. 3 vields a iwo-dimensional,
incompressible velocity field that satisfies the continuity equation.

IEETE MTH642 - Fluid Mechanics, Written A r Muham

We discuss some specific cases. The simplest case is when f(6.n) = 0
(u, = 0, u, = K/r). This yields the line vortex discussed in Chap. 4, as sketched in
Fig. 9-15a. Another simple case is when f(8,1) = C, where C is a constant, This
yields a radial velocity whose magnitude decays as 1/r. For negative C, imagine a
spiraling line vortex/sink flow, in which fluid elements not only revolve around the
origin, but get sucked into a sink at the origin (actually a line sink along the z-axis).
This is illustrated in Fig. 9-15b.

Discussion Other more complicated flows can be obtaine 61/ 82 )
to some other function. For any function f(8, 1), the flow satis I-
sional, incompressible continuity equation at a given instant in time.

My ty
>
»
.. >
{ /-
| [ /
\
\ ;
(@) (3]

Streamlines and velocity profiles for (a) a line vortex flow and
(b) a spiraling line vortex/sink flow.

Topic No. 130
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Streamlines and velocity profiles for (a) a line vortex flow and
(b) a spiraling line vortex/sink flow.

Topic No. 130
Examples of Application of the Continuity Equation
Example: Conditions for Incompressible Flow

B Consider a steady velocity field given by V= (0w =alx +y)i +bxyf
B + cxk, where a, b, and ¢ are constants. Under what conditions is this flow field
j incompressible?

SOLUTION We are to determine a relationship between constants a, b, and ¢
that ensures incompressibility.

Assumptions 1 The flow is steady. 2 The flow is infmpressible (under certain
constraints to be determined).

Analysis  We appl 9-17 to the given velocity fiel

du dv oy
i 4+ ()}( = () - 2axy + 2bxy =0
dx  dy z ' '

Zaxy 2hxy 0

Thus to guarantee incompressibility, constants @ and b must be equal in magnitude
but opposite in sign,

Condition for incompressibility: a==b

Discussion If a were not equal to =b, this might still be a valid flow field, but
density would have to vary with location in the flow field. In other words, the
flow would be compressible, and Eq. 9-14 would need to be satisfied in place of
Eq. 9-17.

Topic No. 131
The Stream Function
The Stream Function in Cartesian Coordinates
du  dv
ax " ay

0

A clever variable transformation enables us to rewrite above equation in terms
of one dependent variable (i) instead of two dependent variables (u and v).
We define the stream function

Incompressible, two-dimensional stream function in Cartesian coordinates:

dyr dy
= and = -
dy oy

The stream function and the corresponding velocity potential function were
first introduced by the Italian mathematician Joseph Louis Lagrange
(1736-1813). Substitution of above equations yields

d (dy " d( dy Py 0y 0
dx \ dy dy ox)  ox dy dydx -

which is identically satisfied for any smooth function y(x, y), because the
order of differentiation (y then x versus x then y) is irrelevant.
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Topic No. 136
Derivation Using the Divergence Theorem

Specifically, if we replace G, in the extended divergence theorem with the

quantity (pV')V' , a second-order tensor, the last term in Eq. (135-a) becomes

I (pV)V-ridA =j V-(pVV)dV
cs Ccv __(135-c)

Where VV is a vector product called the outer product of the velocity vector
with itself. (The outer product of two vectors is not the same as the inner or
dot product, nor is it the same as the cross product of the two vectors.)

Similarly, if we replace G, (in Divergence Theorem) by the stress tensoro, ,
the second term on the left-hand side of Eq. (135-a) becomes

[ o, ndA =[ V'-r.r” dV
cs cv _ (135-d)

Thus, the two surface integrals of Eq. (135-a) become volume integrals by
applying Egs. (135-c) and (135-d). We combine and rearrange the terms, and
rewrite Eq. (135-a) as

) . o ki : .
J [ ;r (PV) + V(pVV) - pg - V-o”l dV =0
cv Le

The above equation can only be zero
a general differential equat
quation,

r momentum, known as Cauc

d . , y = 4 .
Calchy's equation: j (pV) + V-(pVV) = pg + V-5,
" j

C

(135

Cauchy's equation is a differential form of the linear momentum equation.
It applies to any type of fluid.

MTH642 - Fluid Mechanics, Written by Mahar Afaq Safdar Muhammadi (MSc Math)

Equation (135-f) is named in honor of the French engineer and mathematician
Augustin Louis de Cauchy (1789-1857). It is valid for compressible as well as
incompressible flow since we have not made any assumptions about
incompressibility. It is valid at any point in the flow domain. Note that

Eq. (135-f) is a vector equation, and thus represents three scalar equations,
one for each coordinate axis in three-dimensional problem

a
70/ 82 -

Alternative form of Cauchy’s equation:

oV < i DV "
» {v- ] = N = PP + ¥ 1
f ot ’ Dt s :

—(135-g)

Topic No. 137
The Navier-Stokes Equation: Introduction

¢ Cauchy's equation (or its alternative form) is not very useful to us as is,
because the stress tensor o contains nine components, six of which are
independent (because of symmetry). Thus, in addition to density and the three
velocity components, there are six additional unknowns, for a total of 10

Timbmaima (o Maraninn ansrdinatan thoe nbamames arm o 50 s G = - -
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Topic No. 137

The Navier-Stokes Equation: Introduction

L

IETT MTH642 - Fluid Mechanics, Written by Maha

Cauchy's equation (or its alternative form) is not very useful to us as is,
because the stress tensor o contains nine components, six of which are
independent (because of symmetry). Thus, in addition to density and the three
velocity components, there are six additional unknowns, for a total of 10
unknowns. (In Cartesian coordinates the unknowns are p, U, v, W, 0xx, Oxy, Oxz,
Oy, Oyz, @Nd 02.)

We have discussed only four equations so far—continuity (one equation) and
Cauchy’s equation (three equations). We need six more equations which we
obtain from components of the stress tensor in terms of the velocity field and
pressure field.

For this we separate the pressure stresses and the viscous stresses. When a
fluid is at rest, the only stress acting at any surface of any fluid element is
pressure P, which always acts inward and normal to the surface. Thus,
regardless of the orientation of the coordinate axes, for a fluid at rest the

duces to
o, 0, O, -P 0 0
o; = . 5 k = 0 =P 0
. O, 0 0 -pP
Moving fluids:

i G.l\ o’.\.: _1’

Gu - VX ¥¥ 0"‘_ - ()

o o o.. 0

tj, called the viscous stress tensor or the deviatoric stress tensor.

- e not helped the situation because we have replaced
the six unknown com a; with six unknown components of 1, and
have added another unknown, pressure P. Fortunately, however, there are
constitutive equations that express t; in terms of the velocity field and
measurable fluid properties such as viscosity.

y

> >
£ b -ml n—|~’~
dy -
y’,’- .....
P { d
- ]

For fluids at rest, the only stress on a fluid element is the hydrostatic pressure,
which always acts inward and normal to any surface. Note that we are
ignoring gravity in this case; otherwise pressure would increase in the
direction of the gravitational acceleration.

Mechanical pressure is the mean normal stress acting inwardly on a fluid
element. It is therefore also called mean pressure.
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* We have discussed only four equations so far—conlinuity (one equation) and
Cauchy's eguation (three equations). We need six more equations which we
obtain from components of the stress tensor in terms of the velocity field and
pressure field.

« For this we separate the pressure stresses and the viscous stresses. When a
fluid is at rest, the only stress acting at any surface of any fluid element is
pressure P, which always acts inward and normal to the surface. Thus,
regardless of the orientation of the coordinate axes, for a fluid at rest the
siress tensor reduces to

o, 0, O, - 0 0
Fluid at rest: 6;,=|0, 0, 0. |=|0 =P 0
by Oy O 0 0 =P
Moving fluids:
o, . -P 0 1) e Tu Ta
g=lo, o, o, |=10 ~F Ql#*|ls &, &
By € 0 0 =P 5 L T

3 MTH642 - Fluid Mechanics, Writte

15 called the viscous stress tensor or the deviatoric stress tensor.

Mathematically, we have not helped the situation because we have replaced
"

have added another ungown‘ pressure P. Fortunately; however, there are

constitutive equations that express r; in terms of the velocity field and

measurable fluid properties such as viscosity.

i o
i @
dy ! o
s
'a" . dz
y

For fluids at rest, the only stress on a fluid eleme ydrostatic pressure,
which always acts inward and normal to a ce. Note that we are
ignoring gravity in this caga ure would increase in the

direction of the gravitationa

Mechanical pressure is the mean normal stress acting inwardly on a fluid
element. It is therefore also called mean pressure.

I
Mechanical pressure: P, = . (0, +0,+0,)

T
Topic No. 138

Newtanian varsiis Non-Newtnnian Fluids
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Mechanical pressure is the mean normal stress acting inwardly on a fluid
element. Itis therefore also called mean pressure.

Mechanical pressure: P,=—— (o

3

Topic No. 138
Newtonian versus Non-Newtonian Fluids

= The study of the deformation of flowing fluids is called rheology.

* Newtonian fluids, defined as fluids for which the siress tensor is linearly
proportional to the sirain rate tensor.

* Fluids for which the stress tensor is not linearly related to the strain rate
tensor are called non-Newtonlan fluids.

¢ Afiuid that returns (partially) to its original shape after the applied stress is
released is called viscoelastic.

B MTH642 - Fluid Mechanics, Written by Mahar Afag Safdar Muhammadi (MSc Math)

Stresy Bingham
plastic

Shear
thinning

stress

Newtonian

Shear

/ s

Strarn rate

Rheological behavior of lluids—stress as a function of strain rate.

e Some non-Newtonian fluids are called shear thinning fluids or pseudo
plastic fluids, because the more the fluid is sheared, the less viscous it
becomes.

= Plastic fluids are those in which the shear thinning effect is extreme.

« In some fluids a finite stress called the yield stress is required before the fluid
begins to flow at all; such fluids are called Bingham plastic fluids.

= Shear thickening fluids or dilatant fluids; the more the fluid is sheared, the
more viscous it becomes.

Help?
1 fell into a
chilatant funl®

When someone falls into quicksand (a dilatant fluid), the faster he tries to
move, the mare viscous the fluid becomes.
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JaP
=———4pg +
dx

0 du dv ow d’u *u 0°u
- .
ax

* > T
dx dy Oz ax*  dy- O
The term in parentheses is zero because of the continuity equation for
incompressible flow. We also recognize the last three terms as the Laplacian
of velocity component u in Cartesian coordinates. Thus, we write the x-
component of the momentum equation as

Du aP " + uV?
) = - e 741
Dy @ PATETS

Similarly, the y- and zcomponents of the momentum equation reduce to

Do dP V2
P i e PR RN D
PDi~ "oy PO
and
Dw P -
) = - + pg. + uv-w
"D 0z 8.4
respectively. Finally, we combine the three components into vector

equation; the result is the Navier-Stokes equation for incompressible flow
with constant viscosity.

R
Incompressible Navier-Stokes equation:
LAY
) = — + pg + uv-
" D .

EN MTH642 - Fluid Mechanics, Written by Mahar Afag Safdar Muhammadi (MSc Math)

The Laplacian Operator
Canesian coordinates

Vet b

N A

Cylindnical coordinates

vleii:i Y

ror\ o] rF o o /

The Laplacian operator, shown here in both Cartesian and cylindrical coordinates,
appears in the viscous term of the incompressible Navier-Stokes equation.

Topic No. 140

Derivation of the Navier-Stokes Equation for Incompressible,
Isothermal Flow

¢ The Navier-Stokes equation is the cornerstone of fluid mechan R (
harmless enough, but it is an unsteady, nonlinear, second-order, partial
differential equation.

« Above equation has four unknowns (three velocity components and pressure),
yet it represents only three equations (three components since it is a vector
equation). The fourth equation is the incompressible continuity equation.

* We need to choose a coordinate system and expand the equations in that
coordinate system.
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“® The radial velocity component in an incompressible,two =
dimensional flow field (= () is

v, =2r + 37 sin0
* Determine the corresponding tangential velocity component, v,
required to satisfy conservation ol mass.
Solution.

* The continuity equation for incompressible steady flow in
cylindrical coordinates is given by

(2]
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Example 4
* Consider the following steady, three-difgensional velocity
field in Cartesian coordinates:
V= (uvw = (axy —b)i & + dxyk
where a, b, ¢, and d are constants. Under what conditions 1s
this flow field incompressible?

Solution

Condition for incompressibility:

cu & O

— + + =10 ayv’ +3cy =0
X v  —
~ :‘_ —~—

* Thus to guarantee incompressibility, constants a and ¢ mgst
satisfy the following relationship:

- -"( .

(= &
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Write a linear momentum equation in newton’s second law? 3marks
q

Answer:
Newton's second law:
F =ma

where F'is the force acting on an object, m is the mass of the object, and a is the
object's acceleration.

Av
We can rewrite this using the definition @ = ——, where Awv is the change in

At

velocity of the object over some time duration At.

F:mﬂ

At

which is equivalent to:

_ Ap

P __x
At

where Ap = mAwis change in momentum.

Write the compressible continuity equation in cylindrical coordinates? 2marks
Answer:

Compressible

<

continuity equation:

(pV)
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In Cartesian coordinates, this reduces to

dpu) dpv)  Apw)
g dy i 0z =

In cylindrical coordinates, it reduces to

1 O(rpu,) 1 0(pug)  (pu)
—_—— 4 — o —

0
¥ or r 00 02
Example of incompressible and study fluid flow? Smarks
Answer:
Compressible
. . - _) _)
continuity equation: V-(pV) =0
In Cartesian coordinates, this reduces to
Apu) Apv)  A(pw) "
+ + =
ox dy 0z
In cylindrical coordinates, it reduces to
| d(rpu,) 1 O(puy)  I(pu,)
S+ = + =0

r or r 00 07
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— —
Incompressible continuity equation: VvV=20

Since op/ot=0

Incompressible continuity equation in Cartesian coordinates:
ou % v % ow
ox dy 09z

Incompressible continuity equation in cylindrical coordinates:
1 o(ru,) 1 d(u,) o(u) 6
e + = + _
roor r a0 0z

Derive Navier—Stokes equation for incompressible? Smarks

Answer:

Incompressible Navier—Stokes equation:
q

DV - L .o
P E = —=VP + pg + uv<Vv

Define Normalized equation? 2marks

Answer:

Normalized Equation:

« |[f the nondimensional terms in the equation are of order unity, the equation is
called normalized.
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State Divergence theorem? 2marks

Answer:

The quickest and most straightforward way to derive the differential form of
conservation of mass is to apply the divergence theorem (Gauss’s theorem).

Divergence theorem: [ V-GdV = ?ﬁ(_f ndA
v A
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Q:Ng:1

Newlon's second law;

The acceleration of a body |5 proportional to the net force acting an it and I1s
inversely proportional to its mass.

MNewlon's third law:

When a body exeris a force on a second body. the second body exerts an
equal and opposite force on the first.

Therelare, the direction of an exposed reaction force depends on the body
taken as the syslem

: dv  d(mV
\./ Newton's second law: F = mid =m— = =" )
elt elt

Linear momentum or just the momentum of the body: The product of the mass
and the velocity of a body
Mewton's second law is usually referred to as the linear momentum equation.
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The counterpart of Newton'’s second law for rotating rigid bodies is expressed

as M =1a,where M is the net moment or forque applied on the body, I is

the moment of inertia of the body about the axis of rotation, and & is the
angular acceleration. It can also be expressed in terms of the rate of change

of angular momentum dH / dt as
d _ dU&) dH

Angular momentum equation: M=1lda=1 =
dr dt dr
dw, dH,
Angular momentum about x-axis: M =1 > o

The conservation of angular momentum principle: The total angular
momentum of a rotating body remains constant when the net torque acting on
it is zero, and thus the angular momentum of such systems is conserved.
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Mth642 today paper 9.30am
Objective total conceptual thy past
file se kuch ni aya

Subjective mey Angular momentum
ka question tha

Froud number ka formula likhna tha
Compresible cylindrical coardinate ka
formula likhna tha 3 number ka tha
Divergence ka ik question tha
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MTH 642 Done... Today 3:00 pm...
Alhamdu lillah... Kuch nahi ata tha... Total

theory & total conceptual... &

#Compressible & imcompressible
flow ki continuity ka 3 dimensional &
2 dimensional formula...

#Why divers gets faster speed after a
curly jump?

#Mcqs were totally theoritical &
conceptual

#Angular momentum sy related
bahut question aye

#X and Y axis pr compressibility flow
ka ek numerical tha 4:15 pm
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Incompressible flow refers to the fluid
flow in which the fluid's density is
constant. ... All the liquids at constant
temperature are incompressible.
Compressible flow means a flow that
undergoes a notable variation in
density with trending pressure.
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Yy The counterpart of Newton's second |law for rotating rigid bodies is expressed
" as M =1a, where M is the net moment or torque applied on the body, I is

the moment of inertia of the body about the axis of rotation, and & is the
angular acceleration. It can also be expressed in terms of the rate of change

of angular momentum dH / dt as

’ — = dw dlw) dH
Angular momentum equation: M=la=1] —=——= —
di dr di
. dw, dH,
Angular momentum about x-axis: M =1 =
dr di

* The conservation of angular momentum principle: The total angular
momentum of a rotating body remains constant when the net torque acting on
it is zero, and thus the angular momentum of such systems is conserved. _

B MTH642 - Fluid Mechanics, Written by Mahar Afaq Safdar Muhammadi (MSc Math)

——

e The rate of change of the angular momentum of a body is equal to the net
torque acting on it.
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What are examples of compressible fluids?

Vapors and Gases

The flow of compressible fluids such as gas, vapor,
steam, etc., is considered in general the same as for
liquids or non-compressible fluids.

|- https://www.sciencedirect.com > topics
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and ¢, are also shown in Fig. (a). In three dimensions, imagine sliding

everything in Fig. (a) out of the page along the »axis (normal to the xy-plana)
by somae distance z We have attempted (o draw this in Fig. (b). In three

dgimensions, wa have a third velocity component, »_ . and a third unit vector

¢, also sketched in Fig. (b)

Velocity components and unit vectors in cylindncal coordinates
(0) Two-dimansional flow in the xy- or i -plane
. pnsional Now

r=rcos @ vy =rsind H =

Coordinate z s the same in cylindrical and Cartesian coordinates

ety cgaeaifnent i oy inndrical coordinates

! :]u'.)_q ) | N, N, )
= ()

or f ! 4 N

~ Fluid Mechanics. Wri Mahar Af madi (M

Topic No. 124

THE CONTINUITY EQUATION: Special Cases of the Continuity
Equation

Special Case 1: Steady Compressible Flow
Steady continuity equation VipV) = 0
in Cartesian coordinates, this reduces 0

dpu) dipv) dpw)
b + =0
ox dy oz
in cylindrical coorchnates, it reduces 10

| dlrpu) | Hpu,) dpu)
+ .
roor ro oo oz

—
—

Special Case 2: Incompressible Flow ®
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Ak example aie hui thiii us ma

incompressible find krna tha 2.dimensionl
flow wo be conceptial thi aur y component
find krna rhA 8:53 am

Incompressible flow wli exmples dakh lyna
ap log 2.dimensional aur 3.dimensional wli
us sa related aye gaee 8:53 am

#Compressible & imcompressible flow ki
continuity ka 3 dimensional & 2 dimensional
formula...

#Why divers gets faster speed after a curly
jump?

#Mcqs were totally theoritical & conceptual
#Angular momentum sy related bahut
guestion aye

#X and Y axis pr compressibility flow ka ek
numerical tha 8:53 am

Aoa myraa paper howaa mth642 ka ..jahn py
likhaa thaa sir ny page ly lyaa..

Mcgs concptual saryyy exmples ma sy koi
swl nhi ayaaa definition bhi nhi i koi question
bhi concept py hi base karty thy saryy

8:53 am
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